ABSTRACT In the wild, females choose males with potential good genes to increase their reproductive success in terms of attractive sons and, in the long run, more descendants. Whether this is true of domesticated species is yet uncertain. Our experiments demonstrate breed-specific mate choice among domesticated chickens. Sexually mature females of a traditional domestic chicken breed, White Crested Polish, were compared with Red Leghorn females in the first year of the experiments, whereas they were compared with Lohmann Selected Leghorn Classic females in the second year. White Crested Polish have a statistically significant preference for males of their own breed when a male of another breed is also presented. These data suggest that female choice exists even under the constraints of domestication. Domestication as seen here is an evolutionary process that integrates the human interests of animal breeding with innate mate choice preferences of the same animals.
INTRODUCTION
Evolution includes adaptation, which is guided by selection, and as a consequence new species may emerge. Species are freely and fertilely interbreeding groups that are reproductively isolated from other such groups (biological species concept, Haldane, 1932; Mayr, 1963; Maynard Smith, 1993; Noor, 2002) . Adaptive success of an individual can be measured by relative offspring numbers (Haldane, 1932; Thoday, 1953) , which are mainly influenced by sexual mate choice. A poor sexual mate choice will lead to offspring that might not withstand natural selection, whereas a good mate choice results in offspring with a genetic predisposition to handle natural selection on a big scale.
Several modes of sexual selection can be observed throughout the animal kingdom (Birkhead and Møller, 1992; Andersson, 1994) . Given anisogamy, females are defined as those individuals that produce relatively expensive megagametes (eggs). Because of their higher investment in gametes and often in raising their offspring (Parker et al., 1972) , females are interested in finding a mate with good genes (Zuk et al., 1990) . This optimizes the quality of the descendents of the females in terms of sexual attractiveness, and in the long run, it increases the chance of transfer of their own genes in terms of offspring numbers in consecutive generations (Kotiaho and Puurtinen, 2007) . This has been referred to as the good gene hypothesis (Zahavi, 1975) . For this reason, female (mate) choice has a key role in evolution and speciation (Andersson, 1994) , although the direct and indirect benefits of choosiness are still under discussion (Kokko et al., 2006) . Fisher (1930) was the first to postulate 2 parameters that could explain the evolution of this behavior: a genetically fixed male trait (1) is associated with a genetically fixed female preference for a certain trait (2). This concept is still referred to (Lande, 1981; Doebeli, 2005) .
Human breeding of animals, on the contrary, seems to neglect female preferences. Based on more or less sophisticated breeding programs and the estimation of breeding values (best linear unbiased prediction, Henderson, 1975) , man selects sexual mates. In the long run, this leads to the establishment of well-defined breeds.
The relationship between domestication and evolution is a matter of discussion. On the one hand, many think that domestication is a sort of evolution (Price, 2002) . Darwin (1868) himself demonstrated the heu-ristic value of studying domesticated animals as did Wright (1978) . On the other hand, there are 2 arguments against the use of domestication as a model of evolution. The first argument is that breeder selection has replaced sexual mate choice by the animal. Such an argument would be weakened if it could be shown that the choice of the breeder interacts with the choices of the animals.
The second argument is that there is still sexual attractiveness between the breeds of a domestic species and its wild ancestors (Herre and Röhrs, 1990) . In terms of the biological species concept (Noor, 2002) , species are interbreeding groups of individuals living in reproductive isolation from other groups of this kind. This, however, should not be regarded as an all-ornone phenomenon. At the borderline of the territory of a species, intermingling with neighboring species can occur (hybridization). Because species have to be regarded as a dynamic entity, which can give birth to new species, the boundaries of a species can become blurred. We follow Maynard Smith (1993) , who argues that it is important which genetic pairing is seen more often statistically and if there are nonrandom mating patterns. Both arguments pay special attention to the choosiness of females, but neither argument has been tested experimentally.
We would like to address whether, after a long time of human-guided selection, female choice has disappeared. If the answer is yes, then animal breeding would have given up the advantages postulated by the good gene hypothesis. If no, different parameters due to artificial and sexual selection might have an effect on reproductive performance. A reduced fertility is occasionally reported for commercial broiler breeds (Kirby et al., 1998; Romero-Sanchez et al., 2007) as well as in fancy poultry breeds (Kirby and Froman, 1991) . We hypothesize that female preferences interact with the preferences of the breeders and cause breed-specific preferences in mate choice. Because female choice in many cases is initiated by an approach behavior of females toward males, we investigated this behavior under experimental conditions.
Observations were concentrated on White Crested Polish chicken (WCP, Figure 1 ). White Crested Polish chickens are a pure poultry breed of the domestic chicken, Gallus gallus f.d., which belong to the group of crested chickens that can be traced back more than 1,600 yr (Brothwell, 1979) . White Crested Polish chickens belong to this group of crested chickens and thus are thought to have one of the longest histories of pure breeding among chickens. Crosses of breeds or lineages, or both, are one possible mechanism to improve a breed and are therefore likely to have occurred. However, strong selection has ensured that typical characters of a breed, such as the feathered crest of the WCP, were not lost. The feathers of the crest are placed on a bony protuberance of frontal bones. White Crested Polish chickens have a significantly enlarged brain (if differences in BW are compensated) in comparison to other domestic chicken breeds (Frahm and Rehkämper, 1998; Rehkämper et al., 2003) . Brain components that can be associated with cognitive abilities (nidopallium, hyperpallium apicale and densocellulare, mesopallium) are disproportionately larger.
Red Leghorns (RL, Figure 2 ) were set in comparison to WCP in the first year, whereas Lohmann Selected Leghorn Classic chickens (LSL, Figure 3 ) were used in the second year. The plumage color of the former is known to be attractive to females in general (Lill and Wood-Gush, 1965) , probably because it is similar to the plumage of the ancestor of domestic chickens, the Red Jungle fowl Gallus gallus, Linnaeus 1758, of Southeast Asia. Lohmann Selected Leghorn Classic chickens are a thoroughbred commercial layer breed with white plumage. This plumage is thought to be unattractive among chickens (Wennrich, 1978) . At the same time, WCP have a long breeding history and are thought to be genetically distinct from other breeds. during a 1-wk period. In all, 100 chicks were kept in 1 group−50 per breed. When sexes were clearly identifiable, cocks were preselected to match the characters phrased by the standard of perfection of the particular breed. Out of this group, 5 cocks were chosen randomly that persisted in the raising group and served as stimulus individuals within the experiment described. Chicks were experimentally naïve for this kind of study; all had the same experiences and had not been part of other studies at the time of observation.
MATERIALS AND METHODS

Birds and Husbandry
Experimental Design
At the time of the first experiment, females were sexually mature and about 31 wk of age. Twenty WCP females and 18 RL females underwent behavioral observation in the first year, and a new generation of 14 WCP and 15 LSL females underwent observation in the second year. Five males of each breed served as stimulus animals. The experimental arena was located in a room separate from the living space and consisted of a 190 × 190 cm (36,100 cm 2 ) wooden enclosure, 80 cm high, with the floor painted gray. Each of the 4 corners was separated from the rest of the enclosure with wire netting to present males without giving them physical contact with the females. In each experiment, 4 males-2 of the female breed and 2 of the comparative breed, randomly chosen-were presented to 1 female. Males were placed randomly in a corner for each experiment and were replaced by another set of males of the same group composition after 4 trials. Placement of each male individual was considered in the data analysis. The initial position of the female was set to give a line of sight toward 1 male of each breed.
Testing
Observations lasted 15 min, and videos of the behavior of the birds were analyzed with the program Viewer (Biobserve GmbH, Bonn, Germany) by dividing the experimental arena into 4 parts, each corresponding to 1 male. In the middle of this digital partition, a circle with the diameter of the length of a female was designated as a neutral zone, and events within the zone were not analyzed (Figure 4 ). The choice made by the female was measured as the time spent (in s, given in means per breed and choice ± SE) in front of the males, either of their own or of the comparative breed. The usage of 2 males per breed and the pooling of the data collected were implemented to reduce individual influences of the males presented. We were interested in the attractiveness of males in general, not in specific males.
Statistical Methods
The times the female spent in front of males of the same breed in 1 experiment were pooled and afterwards statistically evaluated using SigmaPlot and SigmaStat (Charland, 1995, Systat Software GmbH, Mettmann, Germany) . The results were analyzed using a 1-tailed paired t-test with a significance level of P < 0.05 because results were dependent samples (Dytham, 2003) . All research was performed in accordance with the official German regulations for research on animals.
RESULTS
During the time of the experimental observation, females switched multiple times between the presented males of the 2 breeds (Figure 4 ). In the first year, WCP females significantly preferred WCP males in comparison to males of the breed RL (t 19 = 2.469, n = 20, P = 0.023). White Crested Polish females stood on average 548.36 ± 62.56 s in front of a WCP male and 267.91 ± 57.38 s in front of a RL male. Red Leghorn females did not show any tendency that can be decoded as a preference (t 17 = −0.0401, n = 18, P = 0.969). The RL females stood 438.41 ± 38.58 s in front of a male of their own breed and spent about the same time, 441.54 ± 39.86 s, in front of a WCP male ( Figure 5 ). Based on the calculation of the Kruskal-Wallis ANOVA on ranks, there was no preference by females either for an individual male (H 9 = 14.182, P = 0.116) or for one of the quadrants of the test apparatus (H 3 = 4.033, P = 0.258).
In the second year, WCP were set in contrast to LSL (Figure 6 ). Females of the former stood significantly longer in front of a male of their own breed in contrast to an LSL male (t 13 = 2.524, n = 14, P = 0.025). This preference is given by the average time spend, 497.96 ± 84.59 s, in front of WCP males compared with 196.83 ± 55.28 s in front of LSL males. No such preference can be found among LSL females (t 14 = −1.197, n = 15, P = 0.251) with an average of 408.51 ± 29.96 s in front of a LSL male in contrast to 474.65 ± 25.39 s in front of a WCP male. Again, based on the calculation of the Kruskal-Wallis ANOVA on ranks, there was no preference of females either for an individual male (H 9 = 14.526, P = 0.105) or for one of the quadrants of the test apparatus (H 3 = 2.421, P = 0.490). The duration of stay is seen as average times focus females spend in front of the stimulus breed; there is no evidence for a significant avoidance of either breed.
DISCUSSION
Female choice has been the focus of the present investigation. The reaction of the female toward a male can be neutral, negative (retreat), and positive (approach) (Guhl et al., 1945) . In our experiment, these reactions culminate in the females spending time in front of a male, which has been measured as a function of time spent in 1 quadrant. Approaching a male is part of the female mating strategy and decision making, which may or may not result in copulations (Borowicz and Graves, 1986) .
In this study, we chose not to measure copulations because copulations per se do not necessarily result from the choice of a female, and may be forced by the male (Pizzari et al., 2002) . Such events do not reflect reproduction success (Bilcik and Estevez, 2005) because females can eject sperm by contractions of the cloacae. This mechanism enables females to get rid of sperm of males they do not favor (cryptic female choice, Birkhead and Møller, 1992; Pizzari and Birkhead, 2000) . Therefore, we did not count copulations but concentrated our observations on the staying time of the females in front of a male as an indicator of female mate preferences.
Our data show a significant preference of WCP females for WCP males. Breed-specific preferences are in accordance with studies on mating behavior in the literature (Warren and Kilpatrick, 1929; Lill, 1968a,b) , which may, however, suffer from methodological problems. Lill (1968a,b) reported on breed-specific preferences of females for males of their own breed in the observed mating patterns but could not exclude learning effects because of different life histories (Fisher and Hale, 1957; Lill and Wood-Gush, 1965) . All individuals of the present study were raised together. For this reason, the observed behavior probably reflects a genetically fixed preference, and interacting learning effects, if any, were probably secondary. Also, differences in the dominance status of the males (Guhl, 1951) should not have a distinctive effect on the data set because presented males were chosen randomly out of a group of 5 per breed and presented in a different combination to every female. If females would avoid any male, they should have used the neutral zone in the middle of the arena because this location guaranteed the maximum distance to any male; this was not observed.
We would like to point out that in respect to industrial flocks, the hierarchy of males and the population density especially in breeder populations can have an effect on fertility in general. Unfortunately, these variables have not been separated from and compared with the possible expression and therefore effect of female choice to date.
Our data suggest that there is still female choice under the constraints of domestication. Lande (1981) formalized the idea of Fisher (1930) ( ) e , which identifies Ψ as the preference of a wild living individual female, if there is given a heritable male trait z and an inborn female preference y, and e yz refers to Stevens' psychophysical law (Stevens, 1957) . It is important to realize that this sort of preference is correlated to what is otherwise called directional selection (Lande, 1981; Rice, 2004) . This implicates a certain variability of the trait, which prevents reducing genetic diversity.
We propose that Lande's Ψ in domestic animals is influenced by the choice of the breeders of favorable male traits in a way that females having the same preference as the breeders will be used more intensively in breeding and thus will have more offspring. In this case, the preferences of both the female and the breeder will be carried into the next generation. Females that do not accept the male chosen by the breeder will have no or fewer offspring or offspring will be culled by the breeder from the line.
The choice of the breeders is oriented toward a socalled standard of perfection of a particular breed (Bund Deutscher Rassegeflügelzüchter e.V., 2006) . Female choice achieved by females becomes, therefore, an integrative part of the selection process initially guided by man. The selective advantage of an individual and its biological fitness are reflected in the number of offspring ( = fitness). For this reason, the choice of the breeders and the females work increasingly hand in hand.
This process probably takes place over many generations of chickens. At this point, the breeding history of each tested breed has to be taken into account (WoodGush, 1958) . Archeological excavation documents the existence of crested chickens in Great Britain as early as 400 AD (Brothwell, 1979) . Reports on RL emerge later around the year 1870 when this breed was introduced to Central Europe (Dürigen, 1921) . The commercial strain of LSL was established in the 1960s and has been distributed all over the world since that time. We have argued that preferences as being genetically fixed are developed over a long run of generations. The history of the breeds tested in this investigation differs especially in their time span and could therefore be an explanation for the observation of differences in female choosiness. The preferences of the breeder and the female of RL and LSL are not in line yet and are not reflected in their sexual behavior. The females of neither breed exhibit statistically significant preferences. It might be that they still prefer an unknown character, which can be found in both alternatives.
Our data suggest that domestication is in principle not different from evolution in the wild. Hemmer (1990) outlined this idea by the conclusion: "domestication includes the seeds of speciation." Domestication is seen as a special (adaptive) form of evolution given that the anthroposphere is the ecological niche for domesticated animals (Price, 2002) . This interpretation is shared by other contemporary (Hemmer, 1990; Bleed, 2006) and even earlier authors (Spurway, 1955; Wright, 1978) .
The final question is if this homologation of the choice of breeders and females outmaneuvers the female choice for good genes or might have the same consequences as in the wild, or both. Fisher (1930) has argued that female selection in the wild might favor a character that is suboptimal on the background of natural selection. Finally, this might lead to a drastic decrease of the viability and fertility of males, up to the point that a species can become extinct (runaway process). An often-mentioned example in this context is the Irish Elk with his large antlers (Moen et al., 1999) .
Given the postulated parallelization of the process of domestication and the process of evolution in the wild, decreasing fertilization rates in animal breeding might have 2 reasons: a) the female does not prefer the male chosen by man or b) the male character preferred by man-females reduces viability-fertility of the male in terms of a runaway process. A steadily decreasing fertility, which correlates with the increase of a male character, would point to a runaway process (Fisher, 1930) .
For us, it is important to exclude the latter alternative because we are also interested in the underlying mechanisms that lead to the origin of new species. Thus, we investigated fertilization rates in WCP to test their reproductive success. In a sample of 6 hens and 2 cocks, 126 of 157 laid eggs were fertilized. This fertilization rate of 80.3% gives no hint of a runaway process. At the same time, this rate is an argument against an inbreeding problem, which might be suspect.
A different alternative to explain decreasing fertility might be given by the occurrence of negative side effects, which are linked to an intensive selection on production traits (e.g., in commercial meat-type chickens; Siegel and Dunnington, 1985) . Broilers show a decreased fertility, which has to be seen as a consequence of selection for an increased relative muscle volume (Bowling et al., 2003) . McGary et al. (2003) have investigated several morphometric traits and their effect on fertility. They stress the importance of sexual selection, but at the same time, they give data that underline the importance of the dorsal pelvic width, which probably is not directly addressed by female choice and has a negative effect on fertility. Following the history of a breed, fancy breeders as well as industrial breeders should be able to distinguish between these alternatives.
